Abstract: Construction projects are completed in a constantly changing environment as a result of merging many interactions, known as project competencies, with varying processes. Many project competencies can be quantified and then used to differentiate superior from average performance. Construction organizations lack a tool that is capable of evaluating project competencies and performance measures, which would allow them to capture and anticipate continuous changes after project execution. In this paper, an overview of previous research regarding organizational competencies and project performance is presented to illustrate the need in the construction domain for a resource with these capabilities. To remedy these limitations, the Organizational Competencies and Project Performance Tool (OCPPT c ) is presented. The OCPPT c has a user interface and database to evaluate project competencies and project key performance indicators, which will provide construction organizations with a means to better quantify trends of improvement throughout the life cycle of construction projects.
INTRODUCTION
In contemporary construction environments, companies measure their performance against a set of predefined performance indicators. These performance indicators are governed by the ability of the company to maintain necessary sets of "competencies" that empower the successful execution of construction projects. In general, competencies are difficult to define and measure due to the subjective nature of their assessment. Performance indicators, on the other hand, are lagging indicators that capture the different critical aspects of how well a construction project is performing. Evaluating the different project competencies and project performance measures will allow for the identification of project competencies that require further improvement, which will, in turn, result in improved project performance (Antonacopoulou and FitzGerald 1996) .
In previous research, project competencies have occasionally been considered as measures of project performance (Fayek 2012) ; as a result, this research did not investigate project competencies as prerequisites for project performance, nor did it explore the fact that project competencies are leading indicators for project performance improvement. Researchers concluded that defining, measuring, and evaluating the different project competencies as leading indicators to project performance will result in better project performance (Sparrow 1995; Walsh and Linton 2001; Markus et al. 2005) . In this paper, previous studies are first identified and discussed to offer background on the current state of the art in the areas of project competencies and project performance. Next, a detailed illustration of the OCPPT c is presented. Finally, the setup and evaluation modules of the OCPPT c are presented along with an illustrative case study to highlight the as-sessment process of project competencies and project performance.
ORGANIZATIONAL COMPETENCIES AND PROJECT PERFORMANCE EVALUATION MODELS
A distinction between project performance and project competencies as a prerequisite for project performance has not been established in previous research (Fayek 2012) . Moreover, few studies have provided a distinction between project competencies and project performance (Fayek 2012; Omar and Fayek 2014; Omar and Fayek 2016a) . In 1986, Hitt and Ireland used corporate level competencies to evaluate performance. Lyle and Signe (1993) developed an "iceberg model" that considers the qualities of individuals as one element of the model and knowledge and skills as the second element; the two elements are used jointly for evaluating performance. Spencer and Spencer concluded that in order to adequately measure competencies, the personal and professional competencies of individuals in an organization must be considered. Sparrow (1995) attempted to integrate the different concepts of organizational competencies described in previous research through the different levels of an organization and presented three main approaches to evaluating organizational competencies: 1) the "management competence" approach was introduced for the purpose of evaluating effectiveness across different occupations and sectors within an organization; 2) the "behavioral competence" approach, which complements the "management approach", was introduced to evaluate individuals across different occupations and management hierarchies within an organization; and 3) the "core competence" approach was used to identify the resources and capabilities of the organization that are connected to overall performance. Sparrow concluded that looking for ways to reintegrate the aforementioned three approaches in organizations will enhance organizational performance. Walsh and Linton (2001) first made the distinction between competencies and capabilities. When evaluating performance, Walsh and Linton limited their investigation to core competencies. Competencies were defined as "firm specific technologies and production related skills", while capabilities were defined as "firm specific business practices, processes and culture" (Walsh and Linton 2001) . According to Walsh and Linton, the implementation of the two concepts requires a deep understanding of what core competencies are. Core competencies are a "relative pursuit" where companies and project groups tend to gauge their competencies in terms of benchmarking. Accordingly, competencies are being assessed to achieve superior performance. Isik et al. (2009) applied a structural equation model to establish the relationship between different management competencies and organizational strengths and weaknesses. Alroomi et al. (2011) proposed a core-competency estimation framework and methodology to prioritize cost-estimator behavioral competencies on the basis of the combined effects of the level of importance of each competency and the associated gap between the ideal and actual level of competency. A correlation analysis was conducted to measure the degree of relationship between the different behavioral competencies. Factor analysis was then used to group the predefined behavioral competencies into factor groups.
According to previous research, two main categories of project competencies have been identified Fayek 2014, 2016a) . The first category is attributable to how an organization functions, while the second category is attributable to the competencies attained by individuals. Together, the two categories contribute to better construction project performance. Lists of functional and behavioral competencies are provided in Table 1 and 2 (Omar and Fayek 2016a) , respectively.
Each of the project competencies is further divided into a set of evaluation criteria that are evaluated using predefined scales; functional competencies consist of 162 evaluation criteria and behavioral competencies consist of 86 evaluation criteria. To capture the subjectivity and uncertainty associated with the functional competencies' evaluation criteria, two scales may be used for measuring them. The first scale is the maturity scale (Sarshar et al. 2000; Rankin 2010, 2012; Omar and Fayek 2016a) , which measures the relevance of the different evaluation criteria to a construction project and to what degree the different evaluation criteria are implemented. The second scale is the importance scale, which is a five-point scale ranging from 1 "extremely unimportant" to 5 "extremely important" (Omar and Fayek 2016a) . The importance scale is used to measure and prioritize the evaluation criteria pertaining to each functional competency.
Two scales may be used for measuring the different behavioral competencies. A seven-point bipolar linguistic agreement scale (Ajzen 1991) , ranging from a negative evaluation (e.g., strongly disagree) on one end to a positive evaluation on the other end (e.g., strongly agree), is used to form a bipolar continuum for evaluating subjective and uncertain human behaviours such as behavioral competencies. Similar to the functional competencies' evaluation criteria, the second scale considered for measuring behavioral competencies is the importance scale (Omar and Fayek 2016a) . The different scales for measuring project competencies (i.e., functional and behavioral competencies) are presented in Figure 1 (Omar and Fayek 2016a) .
As for project performance, in the early 1990s, the evaluation of the success of construction projects was tied to a few performance measures, which, in turn, were tied to the projects' objectives (Kaplan and Norton 2005; Eccles 1991; Bourne et al. 2000; Norreklit 2000; Bassioni et al. 2004 ). These performance measures were a function of project duration, cost, and quality (Navarre and Schaan 1990) . Recent studies have focused on evaluating project performance through best practices and benchmarking programs. Construction best practices developed in the UK introduced the project KPIs measurement program, which defined sets of project KPIs for different project and organizational levels that directly reflect the current performance and performance targets for organizations and projects (Egan 1998) . Similarly, the Canadian Construction Innovation Council (CCIC), the Construction Industry Institute (CII), and Construction Owner Association of Alberta (COAA) have each developed a benchmarking program that facilitates data collection and analysis pertaining to performance measures on projects ( (Rankin et al. 2008; Nasir et al. 2012; CII and COAA 2009; CII 2013) . After reviewing the different frameworks and identifying the advantages of each, an updated framework and a detailed set of performance metrics and project KPIs were developed by Omar and Fayek (2016a) . The categorization of performance measures into perfor-mance metrics and sets of project KPIs provided a comprehensive overview of project performance through seven different performance metrics consisting of 46 project KPIs. Table 3 lists the seven project performance categories and a sample of project KPIs. Fayek 2014, 2016a identified a number of project competencies and their evaluation criteria as well as project performance measures. In addition, an advanced fuzzy hybrid model incorporating fuzzy set theory and artificial neural networks was also developed by Omar and Fayek (2016a) to enable the evaluation of project competencies and performance and to help identify the relationship between project competencies and project performance. Findings from Omar and Fayek (2016a) indicated a need for a tool for use within the construction domain that would allow for the evaluation of project competencies and project performance prior to modeling the relationship between them. The OCPPT c , presented in this paper, was developed to account for the assessment of the different project competencies and project performance measures (i.e., project KPIs) thus allowing construction practitioners to store information related to their project competencies and assess the performance of their construction projects.
OCPPT c
The OCPPT c was created using Visual Basic.net c and SQL c to evaluate project competencies and project performance. The OCPPT c allow users (i.e., researchers and construction practitioners) to analyze different project competencies (i.e., functional and behavioral competencies) using project KPIs and the predetermined scales described earlier in this paper. This evaluation was conducted prior to the application of the fuzzy hybrid model developed by Omar and Fayek (2016a) .
The OCPPT c structure consists of two modules: (1)OCPPT c setup and (2)OCPPT c evaluation. Each module has three sub-modules: (1)organizational and projects' structures, (2)project competencies, and (3)project KPIs. The sub-modules account for the development of the different requirements for evaluating The variance between the actual total project duration to-date and the project duration to-date at tender stage, expressed as a ratio of the project duration to-date at tender stage (Actual total project duration -project duration at tender stage) / project duration at tender stage Change
Total Change Cost Factor
The ratio between the total cost of scope changes (contractor and client) to-date and the actual total project cost to-date First, the organizational and projects' breakdown structure are defined in the OCPPT c . Project-specific data are entered, as shown in Figure 3 , to provide information regarding project characteristics and progress. Examples of project information include the following: project name, contract type, project start date, project value, and required project respondents for completing the functional and behavioral competencies' evaluations.
The OCPPT c is capable of including several organizations (e.g., company A and company B) and projects within each organization when creating the organizational and projects' breakdown structure. First, organizations are created and then projects for each organization are introduced, as presented in Figure 4 .
Project Competencies' Setup SubModule
After creating the organizational and projects' breakdown structure, the user defines the different project competencies to be evaluated. The OCPPT c has predefined libraries of project competencies (i.e., functional and behavioral competencies). The predefined libraries consist of project competencies' evaluation criteria identified by Omar and Fayek (2016a) (21 functional competencies that consist of 162 evaluation criteria and 20 behavioral competencies that consist of 86 evaluation criteria). The predefined libraries (i.e., functional and behavioral competencies) can be reconfigured to add, remove, and edit predefined project competencies and criteria to suit each company's needs. Figure 5 displays the predefined functional competencies' library and a sample evaluation criteria pertaining to one of the functional competencies (i.e., project time management).
Project KPIs' Setup Sub-Module
As for project KPIs, the OCPPT c has a predefined library of project performance categories and project KPIs (i.e., seven performance categories that consist of 46 project KPIs), as identified by Omar and Fayek (2016a) . The predefined library can be reconfigured to add, remove, and edit predefined project KPIs to suit each company's needs. The predefined project performance categories and a sample project KPIs library are shown in Figure 6 . A sample project KPI formula (i.e., Project Cost Growth) and variables created in the OCPPT c are shown in Figure 7 .
As displayed in Figure 6 , variables for Project Cost Growth KPIs (shown in the cost performance indicators category) represent the following: (1) actual total project cost to-date and (2) total project estimate at tender stage to-date. The formula for calculating Project Cost Growth KPIs is (actual total project cost to-date -total project estimate at tender stage todate)/total project estimate at tender stage to-date. 
OCPPT c EVALUATION MODULE
The organization (i.e., company) and its projects, considered for evaluation and defined in the OCPPT c setup phase, are used to evaluate the different project competencies. First, project respondents are identified for assessing the evaluation criteria pertaining to the different project competencies. Then, the evaluation criteria are combined, using a prioritized aggregation algorithm (Omar and Fayek 2016b) , to produce overall evaluations representing the project competencies. Similarly, project KPIs' variables are entered to calculate the different project KPIs and to generate values that measure how well the project is producing its deliverables compared to its planned objectives.
Organizational and Projects' Breakdown Structure Evaluation SubModule
Company and project-specific information that are defined in the OCPPT c setup module are used to identify project respondents who will evaluate the project competencies. A sample project organizational breakdown structure used to identify respondents who are participating in assessing the different project competencies (i.e., functional and behavioral competencies) is presented in Figure 8 . 
Project Competencies' Evaluation SubModule
The different functional and behavioral competencies' evaluation criteria are then assessed by the identified respondents for each project. Figure 9 shows a sample functional competency evaluation criteria entered into the OCPPT c .
The assessed project competencies' evaluation criteria for each project competency are then combined using a prioritized aggregation algorithm (Omar and Fayek 2016b) . The prioritized aggregation algorithm provides a collective evaluation for the different project competencies (i.e., at the project competency level rather than the evaluation-criteria level). The prioritized aggregation assesses both the relative importance of the project competencies' evaluation criteria as well as the individual criteria pertaining to a given competency. Hence, a high maturity score of a lower priority evaluation criterion for a given functional competency will not compensate for a low maturity score of a higher priority evaluation criterion for the same functional competency. Similarly, a high agreement score of a lower priority evaluation criterion for a given behavioral competency will not compensate for a low agreement score of a higher priority evaluation criterion for the same behavioral competency. Figure 10 display a sample export of functional competencies' evaluation criteria for a given project using the OCPPT c .
The final evaluations for a given project's functional competencies after performing the prioritized aggregation are displayed in Table 4 and Figure 11 , respectively.
Project KPIs Evaluation Sub-Module
As described earlier in the project KPIs' setup submodule, the project KPIs are calculated using predefined project performance metrics and KPIs. First, all project KPIs' variables are entered into the OCPPT c (e.g., by a project controls manager); the variables' values are then used to calculate the different project KPIs. Figure 12 displays sample KPIs' variables entered in the OCPPT c to calculate the project KPIs. The calculated evaluations of project competencies and KPIs allow construction practitioners to measure and evaluate the impact of project competencies on performance. Furthermore, trends of improvement can be detected by performing periodic evaluations of project competencies and KPIs throughout the life cycle of the project. In the next section, an illustrative case study highlighting the evaluative capabilities of the OCPPT c is presented.
ILLUSTRATIVE CASE STUDY
In this case study, a sample commercial project is used to demonstrate the setup and evaluation capabilities of the OCPPT c . In terms of project percentage completion at the time the evaluations were conducted, engineering works were 100% complete, construction works were 60% complete, and the overall engineering and construction works were 70% complete. The project team consisted of one project manager, one foreman, and one crew of three electrical tradespeople. The project manager completed the evaluation of project functional competencies. As for the evaluations of behavioral competencies, a total of five evaluations were completed by the project manager, foreman, and three electrical tradespeople and were then analyzed to determine the different behavioral competencies of the team. Out of the five evaluations, two were behavioral competencies evaluations of supervisors (i.e., project manager and foreman) and three were evaluations of team members (i.e., electrical tradespeople). Project KPIs' data relevant to project performance provided by the project manager were used to derive projectspecific KPIs to facilitate performance evaluation for this particular project. Each phase of the project setup and evaluation setups explained earlier in this paper are applied in the illustrative case study, as described in the next section.
Project Setup
First, the project's characteristics, general information, and project organizational breakdown structure are developed, as shown in Figure 13 . Second, the predefined libraries for the project competencies (i.e., functional and behavioral competencies) and the project KPIs are used to generate the different project competencies' evaluation criteria and project KPIs for respondents on the construction project. For simplicity, only two project KPIs are considered in the evaluation of this illustrative case study.
Project Evaluation
The different project competencies (i.e., functional competencies to be evaluated by the project manag- Figure 12 . Sample project KPIs' variables er and behavioral competencies to be evaluated by the project manager, foreman, and three electrical tradespeople) are evaluated by the identified project respondents. Similar to project competencies, project KPIs are generated and completed by the project manager, as described in the next section. The functional competencies are evaluated by management staff who oversee the application of the different organizational practices on the project. Accordingly, in this project, the functional competencies were evaluated by the project manager, as shown in Figure 14 . A radar diagram is generated for the functional competencies' evaluation, as presented in Figure 15 .
For the behavioral competencies, supervisors (i.e., the project manager and foreman) and team members (i.e., the electrical tradespeople) evaluate the project team's behavioral competencies. Figure 16 displays the behavioral competencies' evaluations completed by the different respondents (i.e., supervisors and team members) entered into the OCPPT c .
The different behavioral competencies' evaluation criteria are assessed by the supervisors for their team, as displayed in Figure 17 . In addition, team members perform self-evaluations of their own team, as described in the next section. First, the aforementioned respondents' behavioral competencies' evaluations are collected and entered to the OCPPT c . Then, a consistency check is performed using Cronbach's alpha coefficient (Cronbach 1951) . Prior to the assessment of behavioral competencies, this check is used to measure the internal consistency of the data collected (Cronbach 1951 ) from a supervisor and his or her randomly selected team members. For this project, the Cronbach's alpha coefficient is calculated using the supervisor evaluation (i.e., foreman) and the team members' self-evaluations (i.e., three electrical tradespeople) as displayed in Table 5 .
The generated Cronbach's alpha coefficient indicates that the consistency of the foreman's evaluation with the self-evaluations of the electrical tradespeople was considered to be of "excellent consistency" (George and Mallery 2003) . Therefore, the supervisor evaluation (i.e., the foreman evaluating the crew) was considered sufficiently representative for the purpose of the analysis. After ensuring the consistency of the evaluations, the data are exported to an Excel c template to perform aggregation. A radar diagram is then generated for the team's behavioral competencies' evaluation, as presented in Figure 18 . For project KPIs' variables, data are collected at the same time project competencies' evaluations are completed. Sample project KPIs' variables are displayed in Figure 12 , and a sample project KPIs' evaluation is shown in Table 6. The OCPPT c is then utilized to model the relationship between project competencies and project KPIs, as described by Omar and Fayek (2016a) , by using the overall project competencies evaluation (i.e., Figure 15 & 18) and project KPIs evaluation (i.e., Table 6 ).
CONCLUSIONS AND FUTURE WORK
The OCPPT c was developed to evaluate project competencies and project KPIs.
First, an overview of previous research in the areas of project competencies and project performance was presented, and the need for a tool capable of evaluating project competencies and project performance was assessed. Next, the different components of the OCPPT c were laid out. Then, an illustrative case study was presented to demonstrate the evaluative capabilities of the OCPPT c . The OCPPT c allows construction practitioners to evaluate their project competencies and project performance (i.e., project KPIs), respectively, at different points in the project life cycle. This evaluation quantifies trends of improvement in project competencies and KPIs throughout the life cycle of the projects.
Future work will explore the development of additional built-in capabilities to identify and quantify the relationship between project competencies and project KPIs using advanced hybrid modeling techniques described by Omar and Fayek (2016a) . Applying advanced hybrid modeling capabilities to the developed OCPPT c will enable additional analyses, such as factor analysis and granular fuzzy neural networks, as presented by Omar and Fayek (2016a) . These new capabilities will allow construction practitioners to evaluate their projects' competencies and performance, in addition to helping them predict project performance using existing evaluations of project competencies. 
